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radiation (EM and nore specifically relates to the

field of coupling energy into identification devices

such as 5 RF (radio frequency) tags. The invention

allows the tag to be decoupledl(i.e. isolated) from
surfaces which degrade tag performance, such as
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tag, particularly those that rely upon propagating

wave interactions posed to the inductive
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to throughout t speci fication as
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i nt egral antenna which is tuned to a parti cul ar

fr ency eration. The f uenc er at
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for a UHF (ultra-h 9 equency) range tag and 2.
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(typically 866MHz or 915MHz for a UHF (ultra-high frequency) range tag and 2.4-2.5
GHz or 5.8GHz for a microwave-range tag). When the tag is placed near or in direct
contact with a metallic surface, the tag's conductive antenna interacts with that surface,
and hence its resonant properties are degraded or - more typically - negated. Therefore,
the tracking of metal articles such as cages or containers is very difficult to achieve with
UHF RF tags and so other more expensive location systems have to be employed, such
as GPS.
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to be enployed, such as GPS. WD 2007/ 144574
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spaced avvay fromthe ground plane by a di stance equal
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Pl RBBn WBESRinRYe BatdieterReidreatrbls@ut e @hlch antenna is preferably
spaced away from the ground plane by a distance equal to a quarter wavelength which is
a large spacing and suffers from the same problems as for the foam spacer mentioned
above. It also requires a large ground plane which may be not achievable in all
circumstances. Further the patch antenna, which is a resonant circuit, must be carefully

impedance matched to the tag resonating circuit in order to operate effectively.

It is therefore an object of the invention to provide a mount for an EM tag which acts as

an electromagnetic radiation decoupler material which mitigates at least some of the
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effectively. It is therefore an object of the
invention to provide a nount for an EMtag which acts
as 35 an electromagnetic radi ation decoupler nateri al
which mtigates at | east sonme 8f the WO 2007/ 144574
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one end. Incident radiation at the
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area of overlap of the first conducting side wall with the second conducting side wall, is a
quarter of the wavelength of the incident radiation (in the particular dielectric material
used) a standing wave situation is created. The conducting base portion and two wall
portions together create a continuous metal boundary around three sides of the dielectric
core and force the electric field parallel to the surface of the base portion to be a
minimum (or a node) at the base portion and therefore (since it is a quarter-wavelength
long) at the opposite end of the cavity structure to the conducting base portion the

electric field is at a maximum (antinode).
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three sides of the dielectric core and force the

electric field parallel to the surface of the base

portion to be a mninmum (or a node) at the base

portion and therefore (since i# is a

quarter-wavel ength 35 I ong) at the opposite end of the
cavity structure to the conducting base portion the
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electric field across the open end, the electrlc field would need to have a magnitude of
approximately 250V/m. If a typical incident wave amplitude at the device is 2.5V/m -
consistent with a standard RFID reader system operating at a distance of approximately
5m — then an enhancement factor of approximately 100 would be required. Embodiments
in which the field enhancement is greater will afford greater read-range before the

enhancement of the incident amplitude becomes insufficient to power the chip.
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g;ﬁféed'rﬁscé@ Fn@éﬂt@ﬁ HeAbRPréfided AMevice MR M b BRIIVH éﬁ?ts@}fé(ce and

. en an enhancenent factor of approxi nmatel
wotil! desnuiplec Y &g, Plases defreRinr gy § %P@?‘% H@h?n \&ed in
gréb%a@aﬂ&rmtﬂ &ﬁeﬁ@aﬂﬂétmvéifnﬁotnﬁefnfmng 4 @twref¢?1dgé afig€range as
ef or nhancenent. o e i ncident a itu
5 DL SR EREes 1 ARSGRIET TRES JR VBB St e dorspienna
PGE4ERRDE A DRih0& sgacdrieatpria switdt mamtaining arvetyrsenatfoverill
prﬁckdes a device that can be used on any surface and

Soupl e an EM tag pl aced thereon from any
surface effects. Wien used in accordance with aspects

of Tﬁél?evic@éﬁﬁ‘ b QQS@%d%HQﬂuﬁ% &&ﬂoﬁ%gﬁefﬁ@%ﬁétloh Rea %@(ﬁ%ncy of

range as INn alr or In sone cases at
10 grengrationvaNyere theidgvien i dacaupiemHe derigntpdrip pe a?ﬁdéﬂ'h%{‘ EM tag the
I epRRIBEY @loparatibrolil bB Wr&ﬂ@ﬁ@" at Ric iheag Wddsihed to operate

e e e o ieatipn VP o s Bbaghdyitos side wal

r a@‘bﬁtatﬂyha’sta @nﬁm&ﬂu &noth cﬂfapprb@impm;r R4 measuredWren thetdorducting

deV|ce l.er, is d

t a%asgﬁ)g IOPT\@?ﬁJ 8%1 waovs i’ oﬁh%\n 9 F{ggtggﬁ}%ﬂena f @M rmtlon atthe
15 at frashienty dffeperation v. sin ddsr goet thefirepmndeaing andaM@H etdheds Jrom the

f rceo%gggﬁ‘\ﬁ bgge ;gfﬂﬁ&ﬁ% 9 Gls&fn%;é B@iﬂpﬁﬁﬁ%’telg Rk CﬁrefeTQtﬂy frefiedgth of the

cond cont i nuous
| efﬁg&qqm@tﬂcha@ pld@mahrataé |b9 Mtamhmga pEl4rte JRverpreger than Ad/4, or Au/4

COthM% le@ertr%\aS)@mP&*A AL swbﬁqee tHAE Ah/& ah&er xywtahe%gstrbrter than

dielectric mater ? ; |at|on the 15
f r &J@h@ff" 81! Oehptioden tB‘i"'P /4, PRA i‘?é irst
2oconduct|ng side wall extends fromthe conductlng base
PO s gbee B0 e AP BBl g e e
vvad;deciﬁeqnobenam réﬂ@r tm thé teffeawg ¢engfh’ Aslinddified msﬂ@lrefrag&ve index of the
t h
8 ‘@é ﬁ nd% han dp}o An%q@ Hé EI@Q&@A) s%kg@? éer%@{eﬁ

Ad/4 or Ad/4 to 10% short er than Ad/ 4, or Ad/4 to 5%
25 Sh?éﬁcﬁf d M‘ﬁtﬂefﬁfaﬂwhlﬁp’chlatde%é l(/jwllk!fe HEW efr&dioo sk thé‘ﬁ&quency of

erences to | engt conauct i ng or t uned

{ heReratopden Wit PaRsIERER I WHlaptuely e anefPdt pyabe o frefuencies

| efyrb wilase aRALE bEEbqd¥ndidieatiotf tha@ténded irag@nce br édeeation where the

g: (%/?C%:V{/jl gtH eprgcﬂ.‘c}a Eg%gléugcgd@w { e?nP at tﬁe enciTE ﬂﬁé Qa%ty opposk%e the
conducting base portion. Further the skilled person will of course realise that other

30 standing wave patterns, corresponding to different harmonics could be produced. For

instance if the length of the cavity corresponded to 3/4 of the wavelength of incident
radiation a standing wave could be generated which has a maximum at the open end of
the cavity. Thus the length of the cavity could be any odd multiple of a quarter of the
wavelength of intended operation. However the resonant frequency, i.e. corresponding

35  to a cavity length equal to one quarter wavelength, is preferred.
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at a range of frequencies. There will be a range of
frequenci es about the intended frequency of operation
where the device will still produce a region of high

field at the end of the cavity6opposite the conducting

base portion. Further the skilled person will of
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S|t8 efatheﬁiF?%én E%uceog%yg;e{j Qgﬁéfgg“l'he t hi ckness of the

conducting side walls and dielectric nmaterial nmay be

S s thel PYBsertt teﬂvgrlftfb% oY LRrRRA prfiE dEﬂ(@é‘aﬂJ@oxds the needs for

operati ng wav ngt For 1 nstance the total

t hiptgerseaeer vetdert ai n enbodi nents may be | ess than

A/ 10, or A/ 300 or A/1000. The thickness may be 1 mm
or_less, 2mmor |ess, or 500pmor |ess, _or

m or
B o B HERT 1 erath G SEHE 55y GREIBRP B AHTe range o
t hiegre fiomeHD ep tdeoneier e€urmshineeimecidiyl avghdlts RF tags are available

which have a chip and antenna and operate at 866MHz, 915MHz or 954MHz.
Microwave-range tags are also know that operate at 2.4-2.5 GHz or 5.8GHz. A tag
operating at 866MHz has a free space wavelength of approximately 0.35 metres (35 cm).
The length of a device according to the invention could therefore be approximately 8 cm
with an air core. For a tag operating at 2.5 GHz with a free space wavelength of about
12 cm the length of a device having an air core would be slightly less than 3 cm.
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be flexible, enabling it to be applied to non-planar
or curved surfaces. 25 Thus the present invention
provides a very small profile device and avoids the
needs for |arge spacer |layers/ EMtags nmay be

designed to operate at any frequencies, for exanple in
t hAs mam@@e@abomﬂmﬁergmmdupmg@@may i@ ithe s@me size as the first
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Stdndahay iafluedcavihieGEinfofcinypgiest dugrehtly ddsRed itbéldédonglebase
portion. It is defined by the end of first conducting
| ayer. The term open end does not inply an absence of
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appreciated by the skilled man that conducti ng Vi as

e B 2 S 5E Bl S Bl BB compri

S Uebsdnanst\dnﬁﬂdamr of material or could be formed from separate layers of the same or
different materials. The conducting material may be any material that has a metallic or
otherwise electrically conductive response at the electromagnetic wavelengths of
interest. Examples of suitable materials are metals metal alloys, metal composites or
carbon. The thickness of the conductive material must be such that it is at least partially
non-transmissive with respect to the utilised frequencies of electromagnetic radiation
(this is determined by both impedance mis-match and skin depth calculations which will

be known to the skilled person). The thickness of the first and second conducting side



encl osed side will create further standing waves to be
set up within the cavity structure 20 and may
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the decoupler. The length of the first conducting

| ayer may be constant across its width, i.e. the

| ongi tudi nal di stance fromthe conducting base portion

to the end of the first conducgor |layer is the sane

at all transverse points, or it may vary. Varying the
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conducti ng side Conveni ently, however the

ske tged Bhafm E‘(“?Q'ﬁj P§F @épafagﬁwmq Wtk Ay Parhe)a sentaiBflect ed
from the sane range as the first conducting side
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extra manufacturing step. It is important for the electrical connection to be robust and

continuous around the cavity, and therefore processing techniques such as metallic
printing may be unsuitable. In a manufacturing process then, it is proposed that a
metallic layer be deposited at the edge of the dielectric layer (eg cardboard) and
extending over the edge. The metallic layer is then folded around the edge of the



commonly used dielectric material, but preferably the
dielectric core will not be lossy, i.e. the inmaginary
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pernmeability may be optimally zero. The dielectric

may be a gas, such as air or an inert gas, which may

be partially evacuated or pressurised. Coviously if a

gas other than air is used, and@/or the gas is not 20

at air pressure the decoupler nmust conprise

c ofielastriedining meantactugngrte fot the required metal/dielectridimettat sirudtwre with a
medigdchahgpressure within the core. Conveniently, when

the dielectric material is not a solid material the
separation between the first and second conducting
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dielectric during manufacturing to for the requi

et dieoeiiect £ Wi ine Sesappled o Be eeghed deqpan d@ﬁ'&nt EM tags
Di fet @féremtGosa06res (m@t 6|I‘fér%h§cdmﬁtfe§b| tﬁéh 4 Bidlectiigicore Iayer matenal with a

cIu e sele .
Pl Slsflve Bps oy el aaeBe diriplasie iy AEMiR which
sumekam al differérasmv&Engtham nat es. Conmmonl y-used
contai ner materials which may formpart or
substantially all of the dielectric material nay be
c dfriadirgentseittbe inseriion urey cagppisgpeere thar one eayity sigctusel Two or
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ferrites or glasses ma use I'n one enbodi nent

t HoTerentdepncyhddiafoy'd a'b‘é” w'éleie.t?gsmérayn@ ﬁb@ﬁ?rﬁﬁ fregpencies to
hag @&epefractive index that can be controllably

varied in order to control the wavel engths of

radi ation that are to be decoupled. For exanple, a

PO yetRupldl SRy Sethribé fwd ﬁavﬁy M&Io&]réé Wkicl E}Bl:él)a comir@hicahducting end
can be us r structure i s

arpoétﬁ)aeloe gfl?ccﬂescﬁloz?ers grq/%rﬁngagx ale]ac%(%g chkecype arrangement. I such an

arrangement the decoupler further comprises a second cavity structure which comprises
a conducting base portion connected to a third conducting side wall and a fourth
conducting side wall, the third conducting side wall and fourth conducting side wall being
spaced apart and substantially parallel and having a second dielectric material disposed
within the second cavity structure wherein the conducting base portion of the first cavity
structure is also the conducting base portion of the second cavity structure.



be applied across the core material then its
refractive index can be altered and the 15 decoupl ed
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be particularly advantageous as one decoupl er my
then be used for a range of EMtag wavel engths, or
controll ed such that the decoupling action nay be
switched on and off. Further, 10f the object to which
the decoupler is to be attached requires different EM
tags 20 for different locations (e.g. different
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e t Vi t I e
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continuous layer of conducting material, the edges of the first and third conducting side
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the second cavity structure.

The aperture between the first and third conducting side walls may be a complete gap

between the edges of the two walls. However there may be a small area of contact or



wavel ength of a first wavel ength A, and the length of

the second cavity may correspond to a quarter of a
waemondisnavel ength A2. In use an EM tag tuned POI/GB2007/002105
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cqﬁdyctln ide walls Is oca e
e first con uctmg side wall from the conducting surface such that the conducting end

portion makes contact with the conducting surface. The means for spacing the first

5

30  conducting side wall from the conducting surface may be at least one layer of dielectric
material that will, in use, be located between the first conducting side wall and
conducting surface. Alternatively if the dielectric material is to be air, then the means for
spacing the first conducting side wall from the conducting surface may comprise one or
more spacers.
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structure may formthe second side wall of a second

cavity structure disposed to the side of the first

cavity structure. Again the two cavity structures

coul d have different |engths. 15 The above aspect of

the invention provides for two conductor layers to
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surface may formthe second conducting side wall

arfftPeer théeieionduct i ng base portion. If a correctly 20
dlnen5|oned first conductlng side wall is located a

rt .d
IR e ST TR LS CAT T L
papblicable tblids aspeol of thet invertiam alse | | act as herei nbef ore

descri bed and decouple any EMtag placed thereon from

the effects of the metallic surface. 25 Thus in )
anidtetieventigpalows &M tege (gspedalyiRintaghide be jagalgd Gpiagy gurdgee without

el REh SR IRBL CThAS bR thE rhver%ﬁ QP rebtet & a Q@é‘s‘i&iﬁbl‘l)f@ﬁaéb
el ectronic device froma caon uctln%%surface cong &%
a descrl above.

a inqapeagert tiae CompriaRD WI199 TBYHeteRE derURer

conduct ing end portion and neans for spaC| ng the
t d t id
BRI B e A B B oA A Focuoos
WI théa Etvhiag amndwnted in glhesmuhlami theTavge wethadirdt opndiioting side walk [t may
f 'B’eﬁgca?fgd %9@%&Cptattggor§fhg%rs‘@@&r}duﬁ:ﬁr& lc;er\ﬁal qHQH)é‘chated so that

rface ma | east one c r'i c
neth@tagaantQﬂmatls iaFated afithe gdas of e ﬂr@t@@ﬂwb@ﬁ'ﬁe @3ll pposite the

fi GabuGREBESE bd’r@onsi QeatYP@I dpeRBAd o8 @Mﬁuhﬂ% c%l\}ﬁ)f ar EM tag

Alternatively ielectric materi al

t ARuidihe qlﬁgér@llyf |§9|ate§ Iyga th@ﬂrtsh@dfs,e,cg@d Qp(plqat{.}@gl H% vgq?la Which is to
Waéaly that@Bré BRoutdms ve i divgctsaidchrabconiet. CRIFTIgE 2i6e Ppieallyrprinted onto

Pr%$ glreg >§ul?511ir§f?é| aé}qv&lﬁggt;s/t%?%%gy%esﬁ /egﬁdg'r W |ﬁ ggr%ltg(g wn%%he surface

wedflthe msmmpdmtmgalﬂe hyall. o Resferaialy hewevef thehleemaybe elfwiigr Aielectric
Ofmgtgﬁﬂrggjnga bk é) a{c]gz; %%gggb%wggmbggﬂntaégﬁd ltmcgyﬂéymatenal

e rang r than A
orWheih 4 spacet (}%remng@e lengtmantidyidth damermma of thespacas sk be at least

t 1R B & nfot| Area® %5e&a§4b%' taﬁtfe hd3 8¢ Ae/Ehi 18! Most EM
gﬁgsa'ﬁg g/oshorter th%n A 2:{52 5% 5 shagrt
t Haes A@/swpplied already mounted on thelr own substrate which varies in thic ness

depending on the manufacturer, and in embodiments the tag substrate may act as the
spacer. The EM tag must not be in direct electrical contact with either the first or second

conducting side walls.

Preferably the (total) gap between the metal part of the EM tag and the decoupler (j.e.
spacer thickness + RF tag substrate thickness) is in the range of from 100 to 1000
microns, or in the range from 175 to 800microns, or 300 to 800 microns, or 300 to 600
microns. These values may differ if a spacer or tag substrate exhibiting lossiness or an
unusually high or low refractive index is used (i.e. if something other than a standard
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(especially RF tags) to be located on any surface

wi thout detrinmental effects. Therefore the invention
also relates to a substantially surface independent
EMtag conprising an EMtag nddnted on a decoupl er as
descri bed above. As noted above, when di scussing the
n&PYIer eHbstrle supkas pPETHS ied)- ehiRuae ABHITt i highercws ipwer 5
t%q@%de@%fb;@er&%ﬂ%&daﬁeﬁtéda%rwhngkri@iséy of the edge of
the first conducting side wall. It may be |ocated, at
| east partly, on the first conducting side wall and
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Priref r&reabd)rymbemme rme&dmfgemm)akbe retiebighihd @e ddcel@ertion different tags
pl aced between the

E%P%%Sg%% ' ﬁ%" @éEt8@BPe7’{a?'Pé’?°§°ﬁ%ﬁ When a spacer is

present the length and wi dth di nensi ons of the spacer

g‘;&étéag ké??r%tatl\leit@%ﬁagﬁg ttng(? nas? @lﬁ'f‘éc? %? th%ﬂe{:&%lmh}g@%Mm may be

t dgated@srosy ppwmed thel qp@aéyd pidbe centiucing dasity, i.eviietween the first and
S Wbt @bRducHiy §|Be Walid. efhel B\ 13 Gl VRSB ford 50 8NEAL DR ehriBEdded or

manuf act ur er, in enbodi nents the tag substrate may
adqcated Within the 5@@@?!0 metriaENAqaiyh e RYer ihisimpertanh iagnerrethat the tag

elisaft Il @lédtricap Bragd: with tHe fRitloh 8scohB@odductiig sdle waIRONd
conducting side walls. 30 Preferably the (total) gap

between the nmetal part of the EMtag and the decoupl er
( IThe met paieenad dfidk fags snay bRleasiggliefuined padeattimdiymressil

" : .
A T Y T TN
menvedm@d bura Boigctive heosing.nT e fising Tiey e adnaeendugiipg material
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| 0Ssi ness or an unusua w refractive
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a ed
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EMICFOBT% §fbt %Spr\émg ya AfEH 11 the reSd roarr]18<te IoP RF %grscallegrly the thickness of the
housing will be selected depending on the environment and the flexibility required from
the tag.

RF tags generally consist of a chip electrically connected to an integral antenna of a
length that is generally comparable with (e.g. 1/3™ of) their operational wavelength . The
present inventors have surprisingly found that tags having much smaller and untuned
antennas (i.e. which would not normally be expected to operate efficiently at UHF
wavelengths) can be used in conjunction with a decoupler according to the present
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vicinity of the open end of the cavity/area of

absence - energy couples into the decoupler and forns

a standing wave. Provided the tag or device is

|l ocated in the region of high1tfield enhancenent,

energy will couple fromthe cavity to the tag. In this

c igentiohe Uswallydagsowitht sica tstunitédk etennaa (é@neinawacéfe'rrmeto as low-Q

c g I I
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S SucC
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an?vgcn 3 "Epnigd-y ength that is generally conparable wth

(e.g. 1/3rd of) their operational wavelength . The

p Y r;
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¢HlqdE érarren bRaisesin opnivaction watbitiead tagooropyrsatface without

eﬁééo‘ﬁg‘-”éﬂy'tﬁ(nu@é ofl%H: tag"‘@%@'r&ﬂllh@%}udﬁi’m léosﬁnéﬂsa?ﬂ tI'nH and so can be
conj unct i on ecoupl er according t present

CEPHHG0 71 2 6T AT RN E R BTIe T 50t EUFRY BIATHGRD Spacers or he

Uskeali ganta@Senised of UMAI peldudts. eHurtA tmasrid|s essg hhdres
' renfagurégtgrirtlgoco%? islvgrvy\//- Io%v. When applied to a metallic surface the surface may even

form part of the structure thus reducing further materials cost and profile.

In use the decoupler may be located on any surface and may offer advantages, in terms
of operation with an EM tag/RF tag as compared to the use of no decoupler, as will be
described. The decoupler is clearly of use on surfaces which, due to electromagnetic



antennas, as wll be appreciated by one skilled in the
art) possess only a few centinetres or even
worRdozitemsr4 es read range i n open space. HoweverPCT/GBR@3/002105
surprisingly been found that using such a tag with a
| ow- Q antenna nounted on a decoupler of the present 5
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ranges approaching (or even exfeeding) that of an
optim sed commerci ally-available EMtag operating in
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o

As mentioned the present invention is of particular significance in decoupling or isolating
RF tags from the effects of the surface upon which they are mounted. Thus another
35  aspect of the invention is the use of a device as described as a mount for an RF tag,
especially on a surface which would interfere with incident RF radiation. The invention
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on the operation of the EMtag's own antenna. The

decoupler wll allow RF tags which are correctly

| ocated to operate on or in near 5 proximty to

surfaces which are either non-teefl ective or reflective

to incident RF radiation since the decoupler

efdsecelates| ty the use aba aelies bs @esaiged nih athe @ A fagrio enable useful
prgéba,gﬁ%é On of electronagnetic radiation. The

advant ages of the invention are apparent on surfaces

which are reflective or have an effect on incident
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food container.” Further applications

t he
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ec 0 a Il ed,t a Su C
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| m:bi/ltysmﬁaeot MWeeps?rStmmasﬁc@d(ﬂubﬂﬁnttaélgsaraH\elph@luctmg Slde walls, said
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is the use of a device as descri hed, as yq ; an
R@nteéﬂg:tnc field ie has a desired response to an incident electnc ield of sufficient

magnitude, such as the RFID tags and low Q tags discussed herein.

The resonant cavity is typically adapted to enhance an incident electric field at an open
edge of said cavity, and the electronic device is located at least partially in a region of
enhanced electric field at said open edge. Where for example the device is a low Q tag
comprising a chip and a coupling loop, at least a part of the device, eg, part of the loop if
not the chip itself, is preferably located within the region of enhancement.
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incident RF radiation. The invention WO 2007/ 144574
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device as described with a low Q RF tag to enable

useful read ranges. According to a further aspect of

the invention therefore, there is provided the use of
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streng drive vol tage across the device can
be tailored for particular applications. Use of

15aPRaéRtediehil résﬁbﬁhé’@&se’i‘ﬁ |n9¥\$aoﬂ M| ERPLSHERriS, bhRIyl YWy of
tag 20 descri bed herein, having a snall unt uned

anteéﬁfﬁa'eo‘f"”] r@ffﬁencsﬁfaﬂmcewmma dAHRISANSENIEE
substantlally unreadabl e, to be read using
rcia IabI reader te A, stil
£ o et " Sy 43 VBR T o G P o TR e EbaReD.
conpr|S|ng a resonant dielectric cavity defined
m?%b sh&v\% a g&gm%%ﬁsgﬂgw%yg ﬁé@&t é(%% r(}%’ln ﬁ@gtge \}J %engmventlon
closed at one edge by a conducting base portion
e' fF?durré §§hév¥s M@ﬁ%%@ﬂorbﬁ%)"ﬁu%ﬁntﬁ@'aﬂ RfF' ta§on@anfdc
I's, and an electronic device |oCated adja cent
to an open edge of said cavity. The el ectronic device
I S FRJURS £Tiabkated £8HAMSICILAY bilaBIB R i@&rtificatiohtR), d i e has
a desired response to an incident electric field of
Ssuffici ent magni tude, such as the RFID tags and | ow Q
t agsgusk 5 ehissesh drab@iment 30théheventaomeaitg nawtpld yavities,
typically adapted to enhance an incident electric
field at an open edge of said cavity, and the
el Eguredisbovaean ateriativé embodnesitof fredstenpamtial ly in a
regi on of

30  Figure 7 shows a two back to back cavity structures,
Figure 8 shows a perspective view of a back to back cavity structure,
Figure 9 shows an embodiment of a broad band decoupler,

35

Figure 10 shows another embodiment of the invention having side by side cavities,



enhanced electric field at said open edge. \Were for
exanple the device is alow Qtag conprising a chip

wa@ea7a44so0upl i ng | oop, at |east a part of the dewi/G82007/002105
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eg, part of the loop if 35 not the chip itself, is
preferably |l ocated within the regi on of enhancenent.
WO 2007/ 144574 PCT/ GB2007/ 002105 17 Al though
enbodi ments in which the devicBis |ocated at an edge
adj acent to the conducting base portion could be
envisaged the open edge is preferably substantially
5% 1% shils GRNAVE L RRSAINRBIEIAR: open ThE, ! ect Toni ¢
dev ce preferabl as no electrical contact, or |ooked
at differently, no ohmc contact, with sald first or
SeEQid 18 sHSvS S diifer oR o MR aforrd,ends to net hods,
appar atus and/or use substantially as herein
described with reference to the acconpanyi ng draw ngs.
10riQury 1B @ROWE &n hlfer@ilife 8idp@g bidokatifgatructurent i on may be
applied to other aspects of the invention, in any
appropriate conbination. In particular, nethod aspects
mafiglre 1dppbdwseah embodipprairad thesn\esiechayjngandiriable savigength,
15 Preferred features of the present invention wll
now be described, purely by way of exanple, wth
refflélﬁréﬁééh@&ﬁﬂw@&i:dﬁ@.anyl ng draw ngs, in which:
Flgure 1 shows a side view of a device according to
present invention, 20 Figure 2 shows a ectiv
Vi e 16 R NSt PR ¢ e S TR g vonton.

Fi gure 3 shows p035| bl'e positions for mounting an RF

Fi | | str .
cohP P ARRGAEEaRtel e athoiel PR ek Eid e gl porions o
Fi gubaiibersdofitbe aresemtmantienandf the i nvention havi ng

multiple cavities, Figure 6 shows an alternative
enbodi nent of the invention, 30 Figure 7 shows a two
babikures 30 k2 $hew enybasiments ofrtbe inventignhavigg afseigd hase portion.
perspective view of a back to back cavity structure,
Figure 9 shows an enbodi nent of a broad

debiBwpIteshowss sidegipeotriavrges d arOPREAC OGP o preggnt inventin.
t hend M@élémsmwfﬂ@f FricBeiobing ladiest canductigpsidaMall 2 spaced apart

20foon/fl :ellﬁc?ga?rgllel FTa ano htg)r?Iéy%cr)g}mgtal f%rsming a second conducting side wall 4.
These two side walls enclose a dielectric material 6 which may be air or may be one or
more layers of material such as PET. The two conducting side walls define a sub
wavelength cavity, one end of which is closed by a conducting end or base portion 8.
One or both of the first and second conducting side walls 2, 4 may be continuous with
the conducting base portion 8. The end of the cavity opposite the conducting base
portion 8 is an open end, i.e. it has no conducting wall. The conducting base portion 8 is
the only conducting link between the first and second side walls 2, 4. The decoupler is

shown in Figure 2 in perspective view. For clarity no solid dielectric layer is shown.

The device is designed to decouple radiation at a particular frequency. It is convenient to
consider a simplistic model of the functionality of the decoupler, in which RF waves are
coupled into the cavity and propagate along inside it until they reach either a closed end
e.g. metal wall, or an open end. A proportion of the wave is reflected at the end (whether

the end is open or closed) and travels back along inside the cavity.



Figure 11 shows two cavity structures with co-Ilocated
open ends, Figure 12 shows another end to end cavity

wa@0aas4sre, 5 Figure 13 shows an al ternative sSPCBGB007/002105
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side cavity structure, Figure 14 shows an enbodi nent

of the invention having a variable cavity length, 10
Figure 15 shows a low Q RF tag, Figures 16 to 28
illustrate the performance of 1@arious enbodi nents of

the invention, Figure 29 illustrates possible
cdﬁh%ﬁhﬁéﬂﬁ%ﬁﬁ tiwfcavhseismmhdwmmﬂga\mg@rmmbam}alahd forth set-up

PAs AW to Héecré)é'ti%ﬁ %F]rteﬁfoﬂé’ Sméqpl'ﬂgh electric

f
and F| t(_ij.lures 30 to 32 show enégo di ment e I nvention
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VifRayuShcyavitthvs eated neRaeshe highGierRIrdhipgistiercédmtdspReRioh.
i nvention. 20 The decoupl er has a |layer of netal
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f r'[mﬂ dm)ﬁlop'&tdahlll Bé atn@nimuangdxherthé agel wal omzisabodftion (dlasgd end)
cond t|n si de_wal Th e
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end
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gg‘?‘ gt rletnahgé) %‘S e%%o 8%%?190021 g(gllﬁ%r tgcte gge onIqyto unpqéJPotthL%gnlLe{nggd field in

ddbiewgdi@r. is shown in Figure 2 in perspective view.

For clarity no solid dielectric layer is shown. 30 The
device is designed to decouple radiation at a

peTigure dishpws sareriegnsiple Rasitions where@ripe pruld be logalRd pR@degoupler.
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Criaah 1y il m'b@tglkéw $e Rlcaltd rnY tHai Gitye lsn%‘s?d’nh&[ly Fga\'eﬂlleﬂz\nth th88pper
tag which

electrlc field Is resonantly enhanced
o BRI 13ers: hat

Figure 4 shows a plan view of a commercially available standard UHF tag (for example
an 866MHz Alien Technologies UHF ‘Squiggle’ Tag), comprising a chip 20 having an
integral antenna 22. The width, w, of the tag is 8mm and the length, |, of the tag is
95mm. It can clearly be seen that the majority of the size of the tag is due to the antenna
(a typical situation for a commercially available UHF RFID tag). The chip itself is much
smaller, in the order of 1-2mm. The antenna is tuned for free space operation although
different antennas could be used which are tuned for a tag used in a particular
environment. Operation in a different environment would require a different tuned
antenna. The present invention allows such a tag tuned for free space to be mounted on



frequency which is |ocated near to/in the high-field

region is forced into operation. 5 The electric field
wowdor/tps7e m ni mum next to the nmetal wall or bBGEGB2007/002105

portion (closed end) and a maximum at the open end.

Therefore the standi ng wave pattern forned is a

guarter wave pattern, as illustrated in figure 1.

Therefore where L = Ad/ 4, wheregAd is equal to the

wavel ength of incident radiation within the dielectric

natealecalpldrahd dteniusee satifactbliytiva tdige hurfiger SP@®/onments where

ég,ﬁrﬁg}]@e\% er|gqawb§;g?9{7§f"r active index of the

a quarter wave standi ng
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10\/\/all The tag is Iocat ed on a spacer (not shown) to
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conductlng material. The electric’fie
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Ven
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upper omer ers
a %f@ﬂtﬁ@r%@rﬁmgweyw hgiether §tecawa@r dWexgreach ge¢dupter txcanmylas

20 ana&ﬁ@%lﬁbbeﬂéﬂ I_Rrﬁ b@grﬁee\ﬁowge aé%{egg\;h%tevgratgé polarisation of

[rs havi n I ntegral antenna
Qemq faa'ﬁ“mw Olyfousiydhg q%ow?ﬁs aﬁldg pa i the sghe plape instead

of oftklitatddmelcﬁl t%m’ﬁnoﬂfer 6Ntwel & Aorey s%ﬁr&?@&idﬁbﬂs (%o'ﬂ@l be used in
e tlo e an

(Gt Bhalic, Fidfe § 5rouk st batel e rapoRman wire Merigcouplrs
RFarEJIrt fag)sam@m@nem@ thiet ssakd vf/allissarémmh"n thesake@lanel Butingn

25 Or 4er une free space
oparinberc P ond BB BRI T SrlaL R onistiestf §BpE R e
whi ch are tuned for a tag used in a particular 35

enW/J QEHIBRErs B0R rb@tléééﬂad' H%cl@to%afgf( ef:ﬁme féh\é%mlew of a two

| d require a ferent tun
H*HR'?I R e P%%éo §a@haré?n9%@emtu fee M@deqbpelersgqba@ea ¢amrhen

m.tid)ﬁﬁ@ﬁln@ BnY\6OrBO0E/ TR 4idRWHII SPRR0H RiRIdeeoupler 2 can be a
30  continuous layer with the top side wall 14 of the right hand decoupler or they may be
separate. Similarly the lower side wall 4 of the left hand decoupler may be a continuous
layer forming lower side wall 16 of the right hand decoupler also.

The length of the cavity on the left is Ly and the length of the cavity on the right is La.
35  Whilst these cavities could be the same length it may be advantageous to ensure that

they are different lengths, each cavity being arranged to couple radiation at a different



20 a decoupler and then used satisfactorily in a large

nunber of environnents where perfornmance woul d
wonasdsy4 be degraded. Sone RF tags possess di PEDGBRWEI002105

antennas (i.e. antennas that preferentially interact 5

with linear polarisation of a specific orientation)

and therefore may only operate correctly when the tag

is correctly orientated with regpect to the reader to

ensure that radiation incident at the tag and/or
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i ngﬁ&% Wﬁgu%rbe I—?e{r]e {v%)d cfouél{e]r% a? gehcl;(ﬁi ﬁ)é) gg?%ot?er and

ation-o proprrate mave
poﬁbare%tomwnmmrw c@némtleg aidegtalin dlflﬁg canty of Iengibn\e/4aﬁf formed by

t heoflRemvPhGr S0 ud%gétﬁ(t, BQanPéecBn@ a @t@'&;ﬁ%}@r 33. The cawty is closed

polarlsatlon WO Create

ot ﬁb?“eo%@d%m%ﬁ’uct'%b@e@@éwncﬁécm ’@ﬁt the d@mrry n@aierza@32 and
15ap Qééﬁhﬁlc@ﬁ(ﬁkynd 1age 138 hotRFexiatdl et BB ArstBdHad i) layer 30 The length
actiyvated t he pol arisation of the incide
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20t h?ayétaif@ae %1 %% e 1iid c%h&ilﬁztlw@agﬁ dﬁ é?)dgf?é le'n{ffh fﬁesbgv'ﬁ/ defined

| ane. rrangenent
at by He '%raﬂthh@frt%e tfrd sﬁn%@tos layer iseénpit wll bw}@aﬁ@@r@m thegeach
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ﬁé@.’f@w? ?H%t'ctf\% Inyress prhighdn gﬁ%?féh%a%ﬂwat@ frequency,
con@ltgsbbmgto@miasnﬁh@h(ﬁwdS The top side wall of the

| eft hand decoupler 2 can be a 30 continuous |ayer

with the top side wall 14 of the right hand decoupl er

or Stittegn agngbmentseplahetbenefBiialivita degouplee chvdissrof fied@me length. In

12l chelerh it S WS 5GP Eled T BS RO B LAY S o encs
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30  across the metallic region BC, but this is out of phase with the other two. It is believed

25

that, since BC is a much shorter distance than AB or CD, the field across BC may
dominate, creating a higher field intensity than can be obtained via a single cavity.
Alternatively, it may be possible to create a geometry in which the AB & CD fields
dominate, driving currents through the antenna more efficiently than in the case of a

35  single cavity. Although two cavities have been shown, the concept could be extended to

three or more cavities joined in a similar fashion.



35 Whil st these cavities could be the sanme length it
may be advant ageous to ensure that they are different
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radi ation at a different WD 2007/ 144574

PCT/ GB2007/ 002105 21 wavel ength. Thus a tag 10 or 12,
whi ch operates at a frequency corresponding to a

wavel engt h of 4L, could be |lo@ated on the |left hand
decoupler and a different tag, 18, which operates at
a frequency corresponding to a wavel ength of 4L2 could

besidupe &t %w%rbn ditBRafi \}e‘mﬁb&ﬁ%t ﬂ'ﬁﬁfq&pivs%rcavﬂég I§av\é@l‘\tl rdOé)en ends
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dileebtedt inivse late araalof Bigh aledtrit Sieklend nbutidrecdtectuphe fray eny surface
S%ﬁ gh extend beyond the first conducting |ayer 30.
The 1 ength of the cavity is determ ned by the I ength

of area of overlap, i.e. the length of the first
c
BB B AR ROR AOBNSLAROSE Bl 1B g covies

and second conducting layer 33 with one end bei ng

C |FQ)®Q§11 i’%omﬁé@ﬂiﬁ%féﬂit%@qb@éﬁ%np@ﬁ 4 ﬂnQ]ﬂpl@ an'@@i@bcﬁh pldd@here the cavities
rial 34 and sec conducti n

diele | ayer .

SS9 US R GULPRRRE  § SPRa LB PGV B P 38 e hgfsdng.

I e'hgtcbuldﬁn tiheet byaforhad bydesingle duatiyr vidve deesupieh hading dreaperture in
t g nductor layer, is AA4. It will be clear

tﬁe 8P 5V&"t hat each cavi ty will operate nost

effectively at a different wavel ength and therefore

\A%anﬁ)e%xb\%oethe eﬂgﬁ of %eco%l& ]Q’%GQIR/S laﬁ(!i RERE thd Wi hddith at WhICh it

n use uency, correspond
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pirgBeRIcHiN rnmmagd shinerisngtagiine §eqqﬁ*@'ebﬁ%va¢y wilke COBFtaBtcﬁCFPSS its
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t WO,.0SC tin
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c edgd. eldowever there can be advantages in deliberately changing the length of the cavity
across the width. Figure 14 shows a plan view of the first conducting side wall of a

decoupler according to another aspect of the invention.

The decoupler, generally indicated 60, has a first conducting side wall 62. At one end 66
this connects to a conducting base portion to form a closed end. The other end of the
decoupler is not parallel to the closed end 66 and instead the length of first conductor

layer varies across the layer. This decoupler will therefore form standing waves over a



30 across the netallic region BC, but this is out of
phase with the other two. It is believed that, since
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across BC may dominate, creating a higher field

intensity than can be obtained via a single cavity.
Alternatively, it my be possible to create a geonetry

in which the AB & CD fields & nate, driving

currents through the antenna nore efficiently than in
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three or nore cavities joined in a simlar fashion.
20%Pp/0heased PCT/ GB2007/ 002105 22 Figure 11 shows an
alternative enbodi nent in which two cavities have
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white esddbeargiaviotd lesser degres bidepbyarsiedaha tagy aleparate @dhdrsame

a r§e0%8§r 56 which may or may not be conducting. 20

This codrd in effect by fornmed by a single quarter

wave decoupl er having an aperture in the top |ayer.

AS’T HEREL Qﬂpﬂgerﬁ{ﬂg @%ﬁ%@f%l %]lgeodtﬂgpéhodﬂe Eag%\ﬂdtb% us8@nich only

hence t € wave

opt |
dehasippineall anienaat éﬁ itﬁerﬂ@@owertq@éplﬁ%f?gitqtfo'aafnt%ht%cae'8$tr'c core and

OV&hlRRs thlgthrbﬁecﬁﬂlﬁle%fiat@%‘@béﬁténa Gf ﬁiedﬁvwihh@ Io@ﬂétﬁi’naﬂub Yegion will
the decoupler wl

l&qmﬂﬂfvg iahTea Oémh 3%13 eRd q‘éﬁ’bf%“ﬁ? Eftee Ha%@afﬁﬁw Thus the
Ca&écbuplw df thelige scmn Bl @ition @61 6 8sad \8ith a so called low Q tag. Figure 15

shows an example of a low Q tag, which has a small loop 70 which connects to a chip
20. For example, the loop may be approximately 20mm in length. Referring back to
figure 4 it can be seen that the tuned tag has a chip and effective inductance loop but
also has a significant additional amount of tuned antenna structure. The low Q tag can
therefore be thought of as a smaller variant of a tuned tag. The low Q tag will not
function in free space unless the interrogating wavelength corresponds to the antenna’s
perimeter (e.g. 6GHz operation for a 5cm loop), and hence will not operate at standard
UHF frequencies (e.g. 866 MHz) unless the reader is located within 1 or 2 mm of the
chip, because the antenna 70 is inefficient at coupling to incident UHF radiation. The low



width. This is conveniently achieved by ensuring the
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W b@7aetsduct i ng base portion is substantial ly par/aBk@l7/002105

10

15

20

25

30

to the other edge. However there can be advantages in
del i berately changing the I ength of the cavity 30
across the width. Figure 14 shows a plan view of the
first conducting side wall of 24 decoupl er accordi ng
to anot her aspect of the invention. The decoupl er,
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Wkbofter abbor@RG10aRE inG8htiohhl N%tectﬁé‘triﬁé:&rﬁalt l@oé‘sé‘dﬂlﬁ‘rﬁj Hﬁ? b8kplaced
base portion to forma closed he ot her end

t 1R 8’3@1 Gers it srtev%owardﬁ &F aﬂ@lv Wrgp Fﬁ’é‘”% P SR éWe Gyen two

anrflort REfbeast nidie atefigitcienefo doupis howermaidakechip If ayr@bined with a
ler. wi || herefore

aries across a hi s u
f 8?’}{?‘3‘9’%‘?&9%@1 ﬁsﬁgglétgery ggquc tg%@%?lﬁ) £4%Zﬁ4allows or a moré compact
PEF IGBYSRH Wi0RL05Be n@d! tbange existindishfeananarofimiya éndy efshe

a d [ :

d@g%’%ﬁ’\é&rﬁt’\ %g\gg\.& %ﬁ%\g%zsslgﬁ &é?ﬁgat%}ﬁe%%gﬁ h(eémglf) n%nufa ture
neodeaxe to be linear and curved edges coul d be used

5 1t has been observed that a de-coupler, originally

desi gned for 866Miz, can al so de- couple tags that
opidieabeenfound pkiheisromeiaeoidpadecouplpr. mﬁyma ri ﬁfr@'i@éﬁﬂﬂhét is made

t kad lme ®3itionl @AM BMNEdioR o7 Hd 2 ith BEpEcO the dé@Wplesinfigdnte the
sim.l ar
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d wesustenbyvérighdhe efn‘qmverr@smfdm Heswn @haegesaﬁmmma'ed
redundant. Hence when the antenna is on the de-coupler

it is only the inpedance |oop that matters. The

d&-ocuirpll approxignation fhe viavelengtgpin thﬁgiepwmr coist(ilaml Isyelgted to the
86 and intercepting virtuall no power at
T@%”% I ¥<&-$R8F¢ b mrance bé’d'?%/"@f%g“"él‘%é " & 0dB at

this frequency. Therefore the tag, despite being
designed to operate at 915MHz, is being driven into
operation at 866Miz. Thi saF;eesspagosm bl e because the chip

w || operate al nost ﬂaSeWe“r‘I—‘t‘ 866MHz as it wll at
915MHz. Therefore the decoupl er intercepts power over

a frequency range, but the maxi mum performance wl |

bQ‘h@%@h@?’t‘ﬁg re\!ma%f\/e lh@ex% SRR EFal ti?eomtnrl%esl&vﬁf‘%rwa@@gtravéi fhrough

| esser egree nportance - operate at
t HeT@eaﬁﬁ%ueﬂweﬁmf@nWesmam eqstant rqwlam t@r@e'h\a@\@length being

t hedueb@rmaking @'ET@e(%fﬁaBiNe iRdexe .8 P dnixaphplRE theseglisMaileyth for a

?ghggqr:@e‘%ﬁg rectxglp nﬁ&@?rp ﬁ%lstc%%é)%%%gvu dI e(?Tmrplrlcc%H)P é))? s‘?’tarting with a
quarter-wavelength decoupler that is significantly longer than this and recording the read-
range achieved as the decoupler length is reduced. Read-range using an Alien AL870
866MHz reader system and the loop from an Alien World Tag as a function of cavity

length is shown in Figure 16.

The reduction in length reduces the wavelength of radiation that is trapped within the
core and increases the operating frequency of the decoupler. When the length of the
decoupler is such that its operating frequency matches that of the reader system the



25 produces a high electric field at the open end of

the cavity, a tag located in this region wll be
woep@rasdsng in an area of high field and will nPET/GB2007/002105

require a |large tuned antenna. Thus the decoupler of

the present invention can be used with a so called | ow

Qtag. Figure 15 shows an exanple of a |low Q tag,

whi ch has a small | oop 70 whi c26 connects to a chip
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hence will not operate at standard 35 UHF frequencies
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 Domaua6g Hétgveemma%nsafm(xooh@&o&een found that the

geonetry o decoupler, the materials fromwhich it
is made and the position and orientation of the tag

20 W Wﬂe fr&viNeas ei&cfeheaéjmﬁ @H&UeﬁﬂmdkﬁéésU@{‘w@céd‘rm? capacitive coupling
per f ormance o urn .deter
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As the spacer thickness is increased beyond 1000microns the strength of the electric
field is beginning to fall rapidly: the potential across the antennas terminals is smaller and

30 the read-range is consequently less.

As stated above the decoupler functions by creating regions of greatly enhanced electric
field which force a tag placed in any of those regions into operation. There are several
locations on the decoupler where the electric field is high and others where is it low-

35 valued. By changing the position of the tag on the decoupler from locations where the
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their wavel ength being reduced. Taking PETG
(refractive index c.1.8) as an exanple, the requisite

l ength for a 25 quarter-wavel ength decoupler is 48mm
This can be proved enpiricallyweby starting with a
quarter-wavel engt h decoupler that is significantly
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begpfes greater than that of the reader systemand the
anmount of power coupled into the decoupler decreases
again resulting in the read-range falling. It is
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eractlon 0 components o tag an
decoupler whi ch shifts the resonant frequency of the
SW&kiBH’ E‘I§cé?ném Bes%ong_'aﬁa H@' cfhker‘(ﬁ@%ctﬁé caﬂntg> Bt SHRRARSH Fugure 19, in

bet ween t he ta%i % per surface %‘86
t Hehichite fistdg nwf/&éd %n eslr%ﬂeﬁﬁwwyﬁrmﬁw gantially
mpéfpynlamuléntosmbéﬂé poRREE006 Ystag rangaé plabseshydndret diéng Side 1,
ce tra en ui s u

P ayerele s H3Pe RPL o0 B o b £ e BE S Ty o
| ra rehgriofetnd r a Themopitie RPETGSpecdscotipiec Kiressted tiat thbéag can also be
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L\%c‘r?%as%fs n?onﬁ'lg dRAGYRE SN0 3RSy kHR tRARLtaPlask RBriloRORs EipRbted this
causes an increase in the read-range, as illustrated in the graph of Figure 20.

In this case the decoupler core was 4mm thick with a cavity length of 67mm
The maximum read-range occurs some 20mm in from the edge of the cavity along Side
2.

Moving along the cavity from the base portion towards the open end the electric field and
therefore the voltage is increasing and the magnetic field and the current are decreasing
— the impedance is therefore increasing. It is suggested, although the applicant is not
limited by this suggestion, that the read-range is a maximum at a short distance away

from the edge because of slight impedance effects.
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| oop acts as a short between one side of the chip to

which it is connected and the top netal layer. This 25
elimnates the voltage across the chip thus no current
flows and the system ceases t®7 operate. As the spacer
t hi ckness is increased beyond 1000m crons the strength
of the electric field is beginning to fall rapidly:
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shown "at 1902, e read typically at

The position of the coupling element, or loop, relative to the edge of the upper
conducting layer was varied from -1mm to +11mm as shown in Figure 24. The distance
between the reader antennas and the tag was kept constant whilst the power output of
the reader system was progressively reduced from the maximum (2Watts) until a
threshold value was reached below which the tag could not be read: the lower this
threshold value the better the tag is performing.
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is noted that the tag can also be folded around the
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al so be positioned along Side 2 as shown at 1906 for

exanpl e. The electric field strength 25 increases

nmovi ng al ong side two away fromthe netal base

portion. As expected this campges an increase in the

read-range, as illustrated in the graph of Figure 20.
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g%e illustrated in, Fi

The nmaxi nmum
e TP TR PRSI S 1T darpls ore
apkzbttédne: Figune @6lm r ead-range occurs at the edges. The
tag itself is asymmetric and this is believed to be
10 the source of the slight asynmetry in the results.
| fihe weltageeastass dhd b d?desﬁsp%lﬂbll?/ oved ayayi frpsn @mngnpif-set where the
d'CHIS(fst bivect] 958\/@%“3 @@Hee&'ﬂ?e bdePbéialuctrg 15Re an@tdRhes él$nax1mum at

shown I n F;;gure then the voltage between t 33 Wol
t &l Pnmabeyand| whish |5 deﬁﬁgeeﬁjﬁeplgy]dmlﬁeber@yau SRy &iekplained by

bex&ﬁihrngm@naﬁﬂdf tHdl dibtrid fleld d6urid @k dedduipeer pendi cul ar
to 15 the line, as shown in Figure 22a, then the two

termnals will be at the sane potential: there wll
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't5r§ i 3nfRELHGE sﬁgé Qopleb&IdTLfe t he

ionship between’read range and angle. The
read range achi eved agai nst the angle 20 of rotation

| FoPLIgfit) @k ddhdbkiBY & efsShave been show as a dotted line. Note that the scale in
Figure 26 runs from 20V/m (black) to 110V/m (white) and that the incident electric field
strength (wave amplitude) was 1V/m. This demonstrates that there is electric field

enhancement by a factor of 110 at the open edge of the cavity.

The loop used in this example is 22mm long and therefore extends approximately
10.5mm to each side of the chip (the chip is c.1mm square). Beyond +10.56mm the loop
no longer overlaps the edge of the upper metal layer where the field is highest therefore

further displacement of the loop away from the edge of the upper conducting plane
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the read-range is zero. 25 The variation in

performance of the device with offset of a chip and

| oop fromthe edge of the upper conducting plane wll

be described with reference t@®@9Figures 24 to 27. The
position of the coupling elenment, or loop, relative to

t Mmeéh@foopHe wmrpees%hcwaaimtﬁeldghma@ee theawlteas pergss the chip

ﬂﬂ‘the]smgéﬁ owfer bofMledkaSbiown in Figure 24. The

di st ance ween t he reader antennas and the tag was
kept constant whil st the power output of the reader

S)Wﬁrﬁfﬁbv%ﬁ) cﬁlfe%ﬂyf 8§&lb\/cﬁ‘é Mdg?eeéiﬂkﬁ@@piﬁér%héﬁ&or@mhffbﬁr‘set) the voltage
2V\atts%?éunt| I resh d val ue

ac
WRFER 947 TGN 50 BB oo Do B AP ey be ue o the
t Woksfadlathgviad Wey tohaetiveahs eipt he tag is performng. 35
WO 2007/ 144574 PCT/ GB2007/ 002105 28 Plotting the
t hreshol d power versus coupling el enent position
r d$elthepretivabmgdea predickehatiibes voliags shcm}que againas thiepupling element

hfmtoggd hﬁth@reﬁfe‘? rtﬁ%ﬂ%ep%éﬁducﬂr% Iggéﬁ' a Q\E?&ne gpLdet. The voltage

urtrve it rever sed trac from
zwﬁtequytrﬁ@ldhyﬁ;@itwﬁm -dupand -ﬁmwh@h ig q;ﬁl@e todhg épymmetnc distribution

SBb‘f’ttr%""Enﬂatr\@ed Qk@tﬁ@%lg dB@M\lethe \eahd!8f thyﬂuﬁngﬁ BRHL 1§ daR b2 seen from

graph of ower" whi ch has S
VAIGE vihdPe ef%e"m%rga'. TOFUFIBIHT MG DB g SHHEG Bp R so this
npaelidtion gaidt BRSerifiee. vol t age across the chip to be
cal cul ated as the coupling elenent is noved relative

t qurbeegsggw (%motﬁmgt\?&’]tgg ﬁue 82%0&% eP)rs acf/'}\gzgsr 4 ?g\/l&ffomggdnﬁ a
f rhighly: I8catis¢dvoittdewhigh i thhetrweéa(remo thelchigéa eapaoiyve eaugling

c rUeRméeﬁ tﬁ@&&oﬁBl@ é&f’tﬁ@‘doﬁqh%ﬁm@@|aErléls§fh%Qch|p| dhatthe Surplus power

g remai ned const ant
t Heneindygh \ahllsbﬁhg @Prhvraﬁ efdkrelopm adiacantte the plip ees within the enhanced

p%@fd‘%gbﬂ Sbﬂitéige ofﬁhi@ r %&)ﬂ e Poiealial @ﬁeid%f ﬁleﬁ:ﬁ‘%'ﬂ%ﬁj SHehfth) is low
va

a1 (RO HH SR 109 5SRO S GLoREE B g5oraance

ewmrthérpmbemes ﬂE&Esé@WmﬁfdfaerﬁbeheFiga&mz, irewhiviothe ddap is roatated

S reSEo e R VR s PR 8tk oo oer s

mwené @Mﬁm rédgian denua bfecsiesl poteatia rédutiing dha perbsoltage across the

npr Eé%e@ge% tvlg %ﬁﬁ?ﬁg’g? ﬂ{aji_&ngﬁs %ﬁ%ﬁ%ﬂn §Qﬁ£fé§tc'aﬂr%t bBY¥&dd.

decreases rapi dly. This behavi our can be expl ai ned by
Considering now the thickness of the dielectric resonant cavity, an experiment was
performed in which the thickness (denoted by t) of the decoupler core was varied
between 0.125mm and 3mm. The optimum cavity length for each core thickness was
determined by progressively reducing the cavity length and recording the read-range. In
all cases the core material was polyester and the metal layer was formed from aluminium

foil. The results are plotted in Figure 27.

As expected for all the decouplers the read-range hits a peak when the length of the
cavity is such that its resonant frequency matches that of the reader system. The peak
read-range is much greater for thicker cores than for thinner cores. This variation of

maximum read-rage with core thickness is more clearly shown in Figure 28. However, it



20 exam ning the strength of the electric field around
t he decoupler. A plot of the magnitude of the electric
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shown in Figure 26. The plot clearly shows that the
regi on of enhanced electric field extends only a
short di stance beyond the open end of the decoupler
cavity c.15mmfrom 25 -5nimt3® +10mm from t he edge of
t he upper conductor. For clarity the conducting |ayers
haviebdewsiersionsiihalshere dos tradk off briweandhigkerteatestand thacaveeall

'( thc@egéjf‘)ﬁgggorﬁw}%ﬂ{ rFBFér%/gJWeWaﬁ)Plkc%ﬁé‘r) thbR, \Amll bcge(/smtable core

e i ncrdent electric strength.
( \Aﬁ@@emh'ph gepvideqguffiaient spadrangs W@mwtﬁ@m@@ ipy ofile device.
there is electric field 30 enhancenent by a factor of

110 at the open e of the cav The, | oop, used ,in
R R 3 ShAeRaHe oS PaeER PRRAZTen the decoupler

ap@placxédrmb eltan méfl, embotimeaali theiidentidn tdeahe heal Ot the object to be

‘?{%&P as\‘?/réég\‘[g%ﬁ&}%ﬁ &\ba éag(gy ? %ﬁ ec%gé %g?&egglﬁ) %r%?@om& a 2-layer
vvhﬂemee ttheeuppneg kcahdusting lgyes sind thealieddaticeco®d f ur t her
displacenent of the | oop away fromthe edge of the

er conducting plane WO 2007/ 144574
P e CR2MT YO RO depaunist Rasies 8 RRNtingeys gopdicting path around three

PRk 06 Hhk \WRIsctitrks rheﬁ¢ee&a¢e hhﬁrb%fté’lfefh WwHe® Wildinge@eobject onto which
nd t he 56rp us gomer

across t ecr ease. .
b CRRkP Bre B ie e DuEeTera L S bR g GiLAes. A series
C @if thetstvagre pOiiameliftc s&de} teharivad donfiguratiorisas ilastratedin Figure 29,

m _ni.um the annot be read. The failure to
ré§8%#ﬂ§ggﬂ1 dhg%F vol tage being too low to

active the chlp The theoretical nodel predicts that

theayeds %ég%r&l?é)mlagmﬁl' \ﬁa%hm%t@r 2% &b %S@\H@rle'cgglegluglﬂﬁ 't“e 915MHz

i s nove ther over the upper con UCtIn(fZ] er -
a sielgat Thedespiplsewas iem wife argevhen@ptigispd %%%0 P%Vﬁ.admxmum

betye@Rge MBANSH a HY 10hbtRRT h4mdUend &bcbb;ﬁer@%’r‘é’rﬁiddl t6 a metal
d| st r| bution of the enhanced e] ectr a

d
& 3roet Hewal 5 5 SPHeUGST S s et gt B G ance.
3 The experlnental measurenents were not extended
redicti.on

nnot b
Prig teuiesdim TRk e Br oy B R aee Bn sTap. Efktind Botymer
adayienguchdha wenitee ldyers ace amdrigad parallélitegether Ithawlsmﬁbdr no direct
\Y; I | r
Cg‘, g%?ﬁ P%eﬁ%&gnﬁhérﬁ% c@ﬁ'@f ﬁ{tlﬁff gngég%ctueg ﬁg@?&é{g Bgésﬁole sources of
oimonttrhéy \aellltuatg@te by thedinehef tadfiguresad t he surpl us
pomer remai n high whilst the portions of the Ioop
gscent to the chip are within the enhanced fie

ound st (G dlsPOnAMges Gyt 3P 1P IRwep Brahenegs ‘@F‘a%ﬂca fscontinuity
( eb@ingithe fangk By ammm masmlPWake firendsotifier Wil 4 age
?%%5@@8{’%‘2?{@80&9 layer. %ere-goresdegger(\:shv%ﬂ\ t%vrcr)] do sfcoro\tD nuEt%ts te%% tE %ave
lower read ranges than designs with one discontinuity which in turn perform less well
than decouplers with no discontinuities. The only exception to this rule is Configuration 2
where poor electrical contact between the foil and the metal back plate is the likely cause

of the reduced read-range.

Figure 30 shows an embodiment of a quarter wave decoupler arranged as a quadrant or
quarter circle. An advantage of this arrangement is that orientation dependency is

reduced.



with the properties discussed wwth reference to Figure
22, in which the loop is roatated through 90 in the
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|l oop to either side of the chip in regions of equa

el ectrical potential resulting in a zero voltage
across the chip. Experinents have confirned that in
this orientation the tag cannag be read. 25

Consi dering now the thickness of the dielectric
resonant cavity, an experinment was performed in which

Var !\'}JH d‘%gﬁagf e{ng85@%021%19&1&)pf%rrﬁ#(ﬁatl%ﬁfh‘/%ﬁ?{hqugoﬁaHmnensmn 7

| mum cav
| @ﬁ@pweﬁ@ml@wr@!l@t () th%i"@‘l@ﬁ@@éﬁomé‘e‘dd/@fi@l’ rhsﬁ@@dwupler is rotated

PO x%?@é R béaEﬁi%‘EérB gvhten eheCra¥driakit diRBHidh .@raerpteﬁ&em tB%he

t he read- range. cases the core material was
p@f%?@@t'éld and the rret aI Iayer was formed from
alumnium foil. The results are plotted in Figure 27.

T BERaGR o Rl fectfo T POt ™ Ba07 9 PLRUMA TOHRE § yam ik
r esnwéd cfafrﬁmaﬁﬂ@/thgﬂtedﬁme& daha't Tiod dédnepleefadmr a 9fsdeetor with a

cra ol Bl AR S el B il P b Bl and across
méhe Iowen flaea dhe hgestvaight edgasada roit bmdwﬁorﬂvx@nwh@averyhe edges.

pAt i P A ThE et MY sl ST AT .

a trade off between thicker cores and the overal

t I11h6 kESSorie §ReF QFROPENSrogreSdiveRi BédGda¥an o@l@p{o' detdrinfi2 the
there will be a suitable core thickness

ch
prosinuByalias $taring femraadiue aﬁb@mm heéaWPﬁPES’HFﬁSﬁ'Qje'éC‘Pt&ﬁW”
P the afte¥ieG@ige andh AERiniUNe rdaguerigel dBsm Blind foccur at a radius of
deggu ler is netal and the objects onto which the
"QB] is placed are often netal, enbodi nents of
the invention use the netal of the object to be

t Mﬁﬁ r%%&g%én??é’%?m.%? P)dtHgttdf 'l}%uleayﬂut witR tﬂ&o‘?‘n&%@@hi‘bﬁ the two
er becones "a Z-layer evi ce: the upper

decou
ccstrdlgbitswag rheej Funcated! 1o peoctice b duindrsireigbiogide 27rom Tong at 45° to the

q%ﬂ'” %X?‘A ?Wre@gqg | ods f[)ﬁﬂ:gbrbg P@\Nﬁgﬁlgédﬂl H%or a radius of

con ound three es o he dielectric
ch@mnhence care nust be taken when utilising an

obj ect onto which the decoupler is nounted as the

| ower | ayer, to avoid substantial discontinuities

sJPF’@é'mL@?a' flerandengerql aguaKeGirelg deeruples was then 'Wﬂ'%@ The

C QBEI DT als %Iétea%rbudH@iOp %H @ﬁ\ah@prﬁhlﬂiﬂ txh@tbf the&@ddérmtenna and
resultlng[read ranges.. 15 cases the cor

mePRiRining Q%glme@mtf&%r@rﬁe%\@ctohg h(eégst S ﬁ@r%mg%ﬁr}sreg i Figure 31 with

ushm@e@th@f;é?dﬁaMdated$>y$ﬁeeusIbcdemmd andiplselid Mesoniierestugier

reprggeenrt}né) %te lcgrrllgsaexgs gf%entg to have a maximum

The read-range remains constant at 6m for all angles between 0° and 90° and between
180° and 270°. This is to be expected as within these angular ranges the electric field
vector is always parallel to a line drawn radially from the corner closest to the tag such
that it lies across a metallic region and therefore is continually sampling the correct
resonant dimension. This enables efficient coupling to the resonant mode within the
decoupler core. The ranges 90°-180° and 270°-360° returned a read-range of zero as

the electric field vector is never parallel to the resonant dimension within this range. Thus



read-range of 6.0Onfor a cavity |length of 44nm The
decouplers were fixed to a netal plate larger in
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t he read-range. 20 The foil used in making these

decouplers is in fact coated with a thin, insulating

pol ynmer |ayer such that when two | ayers are arranged

parall el together there is |it3 e or no direct

current flow between them Each configuration :

i e gichrteesirad f¢wuplat exhiits bidrdatoo imdepsndshce between 0° and 90° and

di I JRHé illustrated by the lines of the
b%ﬁ'r?%é 1%5%@”\7\%5 found that the discontinuities give

rlse to | ower read-ranges with each discontinuity

r eyl @9 shdifs %M@p@?’wﬁcﬁggﬁ? iPhad dHearbiktd PAET p)b‘?‘t‘o%%oﬁr‘}gctlﬁ‘g the

decoupler wt t1 nuous conducting | ayer.
THEP&T Addowr Sogasting P'ﬁnQS\/\BUtdh@ doats samieifcakar tneﬁ‘i'éPQ A slitis cutin

haN&updep et oftﬁé@orﬁcﬁﬁﬁ}%ﬂaytéﬁ?é% HRwh BPSIitW ik IFIQQFLEBZb extending

di scont j nui urn performless

GSBGEBHEE et il s SebRer bR s Sora A mﬁ%@i’%‘&m iegiys of tne

t aletdbuperninleagths Configuration 2 where poor electrical

contact between the foil and the netal back plate is

the likely cause of the reduced read-range. Figure 30

s Wéiitstha tregewtappléchamtindthe atrgjgistredge ofihe decheipler pl itsrcentre (as shown in
fgﬂfﬂ& gsh 39 \ﬁitrﬂfn@@ﬁtacﬁ)gc@é r%egt% HHGe ﬁf%r 5rfr tHeGh comﬁf‘be in read in all

antage O | S arrange ori en
d@pl@ﬁtgmr@)(%og roﬁa@@u@@@laﬂ@(pa@@lﬁp 1&M§f7the reader antenna) with the

Conée%%ﬂ Q? é %)‘Zﬂa%é fabgl]'t tr% 9:‘* e\h?d?.f)ﬁ Smmgrln% e gtts e of the decoupler

|gurat|on or ns Oﬁ ant
diwasrpgralial to gre @lh@rl@&ﬂi@qfﬁ @mcwsntpmvaas 1As| ’rh@ @isteRes between the

i %b&tﬁﬂa‘r a8 %Qat r%b@erfa'n%nﬁa W8€ nefeasdtbink %dé%@ Qh@?ésediveb‘ @hich the tag
r ot at ed rea-range s reaching zero when the

r SSUHASre?f dRSFRASEH - the Oﬁé?tﬁwe@@l‘ cy ficiagees el ectric
field. In the exanple of Flgure 30, the decoupler is

37 bR SessPhal i lap S e R o S et i s

f demrénags Qﬁﬂsaﬁbesm(aev\petrltheaag odarttativn@f Bigierie cafld berdad at several

r ¢

B e e R T I
doearbtanpeafed te zerd ifthodesoapierrat mptasreoretihan 46dges. A

tag is arranged at the vertex of the straight edges as
shown in Figure 30 The radius of the quarter circle
wessqspad) rsberensél (pppredunatsty 10mro fane) wacld et e end ef anse

ORbLIBHARYE! d8he ﬁw& thﬂgfofrm aar-aaéa)ba §p9&uré ﬁﬁm@mbﬂ;@ pbﬁ%f the

was progressive fromthe arcuate ed
arsaNGHGHR |ayertas & rr%mii,'& t5‘fF'$Ur§ ﬁ?%%& th‘%tasa\ef@npegtamamd the
r %@bé@lé?f(over the longer slit as per Fig 32a tag configuration) it could be rotated 360°

and the tag remained readable with only a few ‘dead spots’ observable.

It will be understood that the present invention has been described above purely by way
of example, and modification of detail can be made within the scope of the invention.

Each feature disclosed in the description, and (where appropriate) the claims and
drawings may be provided independently or in any appropriate combination.



121 mm A further enbodinment is simlar to that of
Figure 30 but with the corner at which the two

W@ e0airgisv4 si des neet truncated to produce a thP@€OGB2007/002105
straight side 27mm | ong at 450 to the 20 other two.
The maxi num read-range was found to be 8m which
occurred for a radius of 120mm The azi nut hal
dependence of a quarter circleadecoupler was then
i nvestigated. The decoupler was rotated through 360
i NChAMSine parallel to that of the reader antenna and
25 containing the incident electric field vector. The
results are summarised in Figure 31 with the electric
fidld ifHeplesiratpdoptic ladialibroddcoaplemumpasidg blvavig/aitiudtute witch
on the gaqeded #EonduBMARRE bHQnE&%eE@H%%‘ﬁ}s cé#du%tl?@ side wall

tag. The read-range remal ns constant at

angl es HEIRRSANDCAKYCIHY sigedvalle thgdiest corstyctirgrsidavalpangl second
This i ScdnGu&tiﬁg@P@@Q\@l%@1n@%pé‘éetdhipﬁrttah@&?os@é?ﬂé’l‘yaﬂaréll@nges
the electric field wvector is always parallel to a

line drawn radially fromthe corner closest to the tag

sugh tAdecduplel a@erdiny toskira 1MHeddih h QicfeeBiconuténflis disposed within
therefo$ga£ﬁ¥%9&&h%ually sanpling the correct
[

resonant nsron.” This enables efficient coupling to
the resonant node within the decoupler core. The

ragges @Qe&%ﬁle%o%ﬂ% tg@%nﬁ gt VE!QWZ @hERAARL ﬁrréggon(at?t‘ng side wall

zero as 35 the electric vec or 1s never
to the 1AsSFRaMUCYp l‘?@ﬁ@u%ﬁpnﬁoxlmatﬁlwhl@m@ug@ frdnhtmg cowdiucting

2007/ 144t6& ﬁoﬁéﬂ_lmp 6 HaddValeng®, ih iR QMBS afhibCbeaMm

decoupl er. exhi hi orientation | ndependence betweén 0
and 90d'3ﬂ%””ﬁgi ok eABY CBFAIP7O Fi gure 32 shows a
decoupl er which again has an arcuate base portion

copnect r .conduct.i | anes, ,
ot i Bftoleler actodfRSb ARTbier YRS afheToin ik feopaf Gppucting
in théldﬂygﬂrha_parqontufuouhtengtblnd&aswedgrohaty\eborﬁcash@b)am portion
by sli typlep i@aﬁbgé{fag I(ﬁé@s th@?éh H%’ffﬂg fws?%r%%@fm ajga\f:lall.
fromthe centre o st rag edge, approx y

hal f of the radius of the decoupler in length. 10

Wa.h t heddcadpléf RRBRiIgas @H@Hre&&ﬁngs&élﬁ‘\' \m?etreﬁg%?el&ftnclrﬁﬁenal is

decoupl er at, its centre as shown i n ure
with tﬁ&pgf%dtwm%sﬁ@mvsraﬁug? FeAERBNBIOL 138 ediacanhige conducting

coul d lvasé portieadhici edbhds for sudBtaatidlip s Idngd 6 tlﬁ@ﬁr@ttdoﬁﬂudtlﬂg side
a plan arallel to that of the reader antenna) wt

the exception of a 10 band about the orientation at
whi ch the straight edge of the decoupler was parallel

LGt he Agé%%pﬂércac%lﬁlngiggd%m% §l1 ?‘oeé‘ %‘%}ﬁeaf%lglg‘csétpg rr}%’terial is

di stance betwee cou er and
ant enn&ispased; withineths édVlWWuq?tawga@d@kteadgbwndmendfdf te first

t he t agonducting side wall.

7. A decoupler according to any preceding claim wherein the total thickness of the
decoupler is less than A/10, or A/300 or A/1000.

8. A decoupler according to any preceding claim wherein the total thickness of the
decoupler is 1mm or less, 2mm or less, or 500um or less, or 100um or less.

9. A decoupler according to any preceding claim wherein the length of the first
conducting layer is constant across its width.



could be read decreased - the orientation dependency
i ncreased. Wth the tag placed on the top surface of
wo b@7desoupl er, perpendicular to and with its PCT/GB2007/002105
termnals across the slit (as per the. tag orientation
of Fig 29b) it could be read at several 20 netres
when the strai ght edge of the decoupler was paralle
to the electric field but the spead range fell to zero
if the decoupler was rotated nore than 45. A second,
shorter slit (approximately 10mm | ong) was cut at the
end of and perpendicular to the first slit thus ,
f orfri ngh&eqeuples gePrdipiorany & FAMsHeC opisrein Hierlensgh fifae first
25 condesHdugtthgll@peevarled sceBoudwrith. sl it 2 in Figure
32b). Wth the tag wapped around the decoupler (over
the longer slit as per Fig 32a tag configuration) it
codi.d baA deciupter dc@Bdng tmrathy pheeetiag claEmahereth theefirdiedridesecond
with on ” ' : i1
under ot g G IBAC o3P NI RE Bt oorprtlld cotfuous tayer of
descri bedteddlove purely by way 30 of exanple, and
nodi fication of detail can be made within the scope of
the invention. Each feature disclosed in the ,
ded2r i pfidsrrupienacqortieg i any preserinacieym paindang; ArEnosm different
dr awi nggielBic BRtpaR\digheskd haeaaEe fid sondicting sRiBYvalls to form a
appropri.at e .conbi nati on. 35 WO 2007/ 144574
pCT/ GB2YE'?F 65965 33 CLAIMB 1. An el ectrommgnetic
radi ati on decoupler conprising a cavity structure
whi gh ' [ [
L% 1 OPERE 2o Rl o3 Bab bl BB 85 g more
conduct ihag oBe gavityairucturehe first conducting si de wal
and second conducting side wall being spaced apart
and substantially parallel 2. A decoupler according to
cl at'm 1AdReIUPIeR 28coiRg M d S YReEsn BO qrdnqip iy shuctures are
Wi thin akdiyes @Véddh rsdxinidily Weboupl atA difesent fleglienag.cor di ng
toclaim1 or claim2 wherein the first conducting
side wall has a continuous | ength of approxi mtely
AdN8. nmeAsdacaplch bosordihetocmy heazeding clalagetheodoipoising wisecand cavity
Ad ist dn_t I ric. ' fo .
M T adt G BH RN EnEPieR g Py Bl PRty o i
decoupl eandgetingrsifienvgplitand arfoury eandeiting sigk aah te giirdicandysgng side
second g&?&%hﬂgconﬁh%ﬁg%elwa@%in@ HOUd Ap4RYRd eRHfRally parallel

measured tromthe conducCting base portion which is at
| east adnd kaviORssachrd diglagliin Materiahdisrased witkip Higuroeeripeavity
si de wakiuctpe whe@RRS! BOrRILCIHZIREE bBioh Bf tA8 firsPERAP diritdure is also

cl ai m wherein djelectric terial i
the conducﬁng !)ase portlron of {F\% secondI cavi%y structure.

16. A decoupler according to claim 15 wherein the first conducting side wall is
continuous with the third conducting side wall, and/or the second conducting side

wall is continuous with the fourth conducting side wall.

17. A decoupler according to claim 15 or claim 16 wherein the length of the first
conducting side wall, as measured from the conducting base portion to its edge,

is different to the length of the third conducting side wall.



di sposed within the cavity structure as a continuous

| ayer adj acent the conducting base portion which
wezxaoends74 or substantially as | ong as the firseCT/GB2007/002105

conducting side wall. 6. A decoupler according to any

of clainmse 1 to 5 wherein a dielectric material is

di sposed within the cavity structure and extends

beyond the end of the first c@gducting side wall. 7.

A decoupl er according to any precedi ng clai mwherein

tA/hast ot A|dzfzdﬂ.ip€ét BESHiIAG td 41§ of dlemuw tSﬁ?Wel’e@rSt&eHMtnc material
10, or, 3

cord
any pred&RSH Wétﬁ'ﬂltf%/ %ﬁte(i‘ag'i%ﬁf@r‘? 5 r"ﬂtl ﬁé%%ongg eﬁeﬁ:g ic
decoupl meaterial. 1 mm or | ess, 2mmor |ess, or 500pm or
| ess, or 100pmor less. 9. A decoupler according to
any preceding claimwherein the length of the first
corifluct Anigcduries aciosding iesararef claiorsalss 18 fusthes ebrprisimga second cavity
2007/ 144 ¢4,r& %(c%grqgr@eg%%géuctlﬁgb pdﬁld#l%ﬁh@té?f toa thlrd

according to an I ai ns erein t

of the qudgt?tmgém(j/[ﬁ{&qnﬁ@ fpuriheongugting sidg wad ste fhird conductlng side

wi dth.  Wa afy fd@;@oémidaétmgcsmrvwnrb@. Qpadad arpraﬂ%ﬂdsmgstanuany parallel
claimwh rej the f

I con 0 UCt n
wal | s afge'e€y '&%ﬁ?‘ﬁoﬂﬁ ag%fggrﬂbg?qqu ﬁlpggﬂ,q%p l§é;og|pgse a contlnuous layer
cont i nuofusntiayiey materialrttessdgas of th firsPardtbiodl pdrelcting side walls

accor di E‘efgnn%%lngépémﬁé%g%i F%e% J%Q%%éﬁe%ﬂg%ﬁ‘a‘??r%r |is Hidotiisposed

differe ciric materia 'spose

two condifun ihegesondecard) stgictuwe.f orm a dielectric core.
13. A decoupler according to any preceding claimthe
decoupler cong$|5|n nore than one cavity structure.

14207 dB@8 ageEdpdiioripimd Serhgrain s figHepe thirdegrdusting side
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decoupl e  at di f

accor di Fgotd Sy BRAR PRy SR fiertaP chu HEREBLT figing the edges

second cofdheé tavitiest ruct ure whi ch conprises a conductlng

base portion connected to a third conducting side

wall and a fourth conducting side wall, the third

coltiuct Adgcaiptie acateding torathimhdérar blaoo h@lwbeieimghes terebingd length of the
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havi ng a second ric materla |s ose
t he secHal$ ie @9@&99 at &s{%fm gither gpredusting heﬁe pediaBluct i ng
base portion of the first cavity structure is also

22. A decoupler according to any preceding claim wherein the second side wall of a
first cavity structure forms the second side wall of a second cavity structure

disposed to the side of the first cavity structure.

23. An electromagnetic radiation decoupler for decoupling an electronic device from a
conducting surface comprising a first conducting side wall connected to a
conducting end portion and means for spacing the first conducting side wall from
the conducting surface such that the conducting end portion makes contact with
the conducting surface.

24,  Adecoupler according to claim 23 wherein the means for spacing the first
conducting side wall from the conducting surface is at least one layer of dielectric
material that will, in use, be located between the first conducting side wall and

conducting surface.



the conducting base portion of the second cavity
structure. 16. A decoupler according to claim15

wob@rai4s74 he first conducting side wall is coPCT/6B2WS/002105
with the third conducting side wall, and/or the second
conducting side wall is continuous with the fourth
conducting side wall. 17. A decoupler according to
claim15 or claim 16 wherein t | ength of the first
conducting side wall, as neasured fromthe conducting
base portion to its edge, is different to the length

of the third conducting side wall. WO 2007/144574 )
PCEPGB2 O PLoHPIEL §5cording ogclaim Z3arsiin &1 raRans (e SREcipGthg difst

of cl ai BsndLbtidgasideivaMTReing cohducih@b@rits cémpres bhébr more spacers.
di sposed within the first cavity structure is

different to the second dielectric mterial. 19. A
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conpris
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wal |, the third conducting side wall and fourth

conduct i ng side wal | bei ng spaced apart and
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conduct podlosisdervedl | s conprise a continuous |ayer of
conducting material, the edges of the first and third
conducting side walls define an aperture between them
an@8t he Adieedugpidriaccording &r Claim 23 whlesain thie $ipd s@diuctivgt didenwall forms a

the sec . St : r.di ng
o ol a AL dr i e hest AR WECRRAEFRIAY
si de walrqusferentint fdge of seigseumedius | ayer of conducting
material having an aperture extending substantially
transverse to the two cavity structures to define the
eddg@s of* deRRUPAPreqrding toGlaimpe gy ahsiay) Be Tt eQidyring ds wall forms a
cl ai m 180 @egret aiidord wherein the conbined | ength of
the two cavities is Ad/2 and the aperture between the
first and third conducting side walls is |ocated at
AdRAa. f r drdeeouphe mcanndiog tt Claign 2@ ey the obrtexX2d .saill quadrant is
decouplﬁudg&ﬁprdlng to any precedi ng claimwherein the
second Si wall of a first cavity structure forns
the second side wall of a second cavity structure
41 3RSl dofoldis SLfifinglo I Gnbleliblai U dokathipySia b is

el ectromagnet it radi ati on decoupl er r
decouplﬁﬁ@wﬁﬁm§4ectronlc device froma conducting
surface conprising a first conducting side wall

connect to
32. %\ decoup?er according to Claim 31, wherein a slit is provided in said first

conducting side wall.

33. A decoupler according to Claim 32 wherein said slit extends radially outwards

from the centre of the diameter of said semicircle.

34. A decoupler according to Claim 33 wherein said slit extends perpendicularly from

the diameter of said semicircle.

35. A substantially surface independent EM tag comprising an EM tag mounted on a

decoupler as claimed in any preceding claim.



conducting end portion and neans for spacing the first
conducting side wall from the conducting surface such

W@ b@v/184524 conducti ng end portion makes cont actP@I/GB2007/002105
the conducting surface. 24. A decoupler according to
cl aim 23 wherein the neans for spacing the first
conducting side wall fromthe conducting surface is at
| east one |ayer of dielectric ggmaterial that will, in
use, be located between the first conducting side wal
andg, Coﬁdgd_;?éé a8indhid é!gl% 3%9@99?%%5&79413 mounted in the vicinity of the
PCT/ GB2007/ 002105 36 (foupl er according to
cl ai m 2899t W%‘W@W\%‘H%'d?éﬁ’ﬁ 'spacing the first

conducting side wall fromthe conducting surface
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preceding claim wherein the conducting base portion
| S 3gUr VRUag 28clAndaGOHRHES7 RFGRIEHY %&pb&ar@eﬁde@h % EM tag and the
wherein the first conductlng si de wal
segment %F“BEEWPEWQ and wherein the base portlon is
connect ed to the circunferential edge of sal d
se 29. A decoupl er ccord

o nAtRas FES ST e el vor Bitfaciiine ggtal art of the
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A decou r accor erein sai

conducting side wall is semicircular. 32. A decoupler
acggr di RG,d & Qalﬁiemnsélamymr%ré\n %esllEMttad ) I&%%\ﬂ'a@ﬁgs bPwithin the
said first™ conducting s decoupl er

accor di ARF AT Hiensasiy %W@F%? n sal d sI i t ext ends
radially outmards fron1the centre of the dianeter of
sai.d sem circle. r rding to Cl.aim3
andie; nAL B SMEd i R AR pa i b ppe:periadibedded or
d|anetebcﬂbd&ﬁhmt&eﬁmemncheanB A substantially
surface i ndependent EMtag conprising an EMtag
nount ed on a
42.  Atag as claimed in any of claims 35 to 41 wherein the EM tag and decoupler are

be in part covered or enveloped by a protective housing.

43.  Atag as claimed in claim 42 wherein the housing is a non-conducting material

deposited on the surface of the EM tag and the decoupler.

44,  Atag as claimed in any of claims 35 to 43 wherein the EM tag is a low Q-tag
having a small, untuned antenna.

45.  The use of a decoupler as claimed in any of claims 1 - 26 as a mount for an RF

tag.

46.  The use of a decoupler as claimed in any claim 1 - 26 with a low Q RF tag to

enable useful read ranges.



decoupl er as clainmed in any preceding claim WO
2007/ 144574 PCT/ GB2007/ 002105 37 36. A tag as cl ai ned
WO poochiaésm 35 wherein the EMtag is nounted i n PEEGB2007/002105
vicinity of the edge of the first conducting side
wall. 37. Atag as clainmed in claim35 wherein the tag
is located, at |least partly, on the first conducting
side wall so that the tag antegga is |located at the
edge of the first conducting side wall opposite the
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wherein the EMtag is at |east partly enbedded or
Io ated within the dielectric material. 42. Ata
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and decoupler are be in part covered or enveloped by

a protective as
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decoupler. 44. Atag as clained in any of clains 35 to

43 wherein the EMtag is a low Qtag having a small,
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i n any é?\fwaﬁée@'b% féctor gg@atélsthé‘n Hpéﬂﬂjtal b, @'Qatgﬁhaﬁ ggequ‘éﬁto 100, or

The use of a decoupler as clainmed in any claiml -

with a IeRtFdaaonesyalte 208nabl e useful read ranges. V\D
2007/ 144574 PCT/ GB2007/ 002105 38 47. Use of apparatus
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conducting base portion electrically connected between

said first and second
53.  Apparatus comprising:

a resonant dielectric cavity defined between first and second substantially parailel
conducting side walls, said resonant cavity being closed at one edge by a
conducting base portion electrically connected between said first and second side

walls, and

an electronic device located adjacent to an open edge of said cavity, said

electronic device being responsive to an electric field.

54.  Apparatus according to Claim 53, wherein said resonant cavity is adapted to
enhance an incident electric field at an open edge of said cavity, and wherein
said electronic device is located at least partially in a region of enhanced electric
field at said open edge.



side walls, to enhance an incident electric field at

an open edge of said cavity. 48. Use according to
wahkeimu4s74 wherei n sai d enhanced el ectric fi el #CpBB2065/002105

an electronic device at said open edge of said

cavity. 49. Use according to Claim48, wherein said

el ectronic device is an RFID device. 50. Use

according to Claim47 or 48, whgrein said electronic

device is powered by differential capacitive

g 8@5{/\,{'1 n@pp&atus Beeréiag W@?iﬁg&t, Wthélfé% éflﬂh%lsgﬁargf%bmﬁeléb?rogie device is

: e cident electric fie i,S enhance
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or equal to 100, or greater than or equal to 200. 52.
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peak vaFiRstajialytappositepqidnondepting base OGNV m  53.

Appar atus conprising: a resonant dielectric cavity

deoned betwﬁen first and second substantially _

paral | ef PPREFHYACGOrHiRp Siaau orPl GlaimsH3do bEswiiein saidwlecionic

bei ng ctededsah RFIEd@G@e by a conducting base portion

electrically connected between said first and second

side walls, and an el ectronic device | ocated adjacent

t 098n operarattgecaofdisgiodng avé biyGlaisaissd to 67 aeiareifisaid electronic

devi ce i ' e ic field. 54.

Appar at ﬁf}l%gqca% ?‘g %ﬁ%ﬁlt%’ecef‘ %F%M%%a?%réﬂrog isﬁcosng isbderv@,'g'n ant

cavity is adapted to enhance an incident electric

field at an open edge of said cavity, and wherein

said electronic device is located at |east partially

in a region of enhanced electric field at said open

edge. WD 2007/ 144574 PCT/ GB2007/ 002105 39 55.

Apparatus according to C aim54, wherein at | east part

of said electronic device is located within 5mm 210nmm

or 20nm from an open edge of said cavity. 56.

Appar atus according to any one of Clains 53 to 55,

wherein said open edge is substantially opposite said

conducti ng base portion. 57. Apparatus according to

any one of Clainms 53 to 56, wherein said electronic

device is an RFID device. 58. Apparatus according to

any one of Clains 53 to 57, wherein said electronic

device has no electrical contact with said first or

second side walls.



